Purpose: This study aimed to determine whether a blended Infant Massage-Parenting Enhancement Program (IMPEP) improved infant health outcomes (growth, development, safety in home environment/infant safety, and immunizations) among infants of Substance-Addicted Mothers (SAMs) actively engaged in outpatient rehabilitation.
a longitudinal, randomized, controlled study of recovering substance abusing mother-infant dyads for a 4-year period from 2006-2010. The purpose of the study was to evaluate the effects of a blended Infant-Massage Parenting Enhancement Program (IMPEP) on maternal and infant health outcomes. Grounded in Social Learning Theory [4] , a detailed description of the fourweek IMPEP psycho-educational intervention has been published previously [5] , and the effects of the program on maternal health outcomes have been reported, which included reduced parenting stress and depressive symptoms [6] . In addition to developing an effective and cost-efficient intervention for improving the health of recovering Substance-Abusing Mothers (SAMs) and their infants through the consistent nurturance and caretaking of these infants by their mothers, the goal of this study was to evaluate whether the IMPEP improves infant health outcomes, including growth (length, weight, head circumference), development (motor, mental, behavioral), home environmental safety and infant care safety at 6, and 12 weeks post-Baseline, and immunization status at 12 weeks post-Baseline.
Babies of mothers who use cocaine and heroin are born addicted to these narcotics and typically suffer withdrawal symptoms after birth [7, 8] . The most prominent attributes of such babies are low birth weight, smaller head circumference, and delayed physical, emotional, and neurological growth. They also tend to be withdrawn, non-responsive, irritable and difficult to console, with poor sleeping and feeding patterns [9, 10] . Moreover, infants born to these mothers who discontinue substance use after the first trimester display abnormal neurobehavioral cluster scores on the Brazelton Neonatal Behavioral Assessment [11] . Thus, in utero exposure to drugs including alcohol, heroin, crack and powder cocaine inhalants, marihuana, and tobacco may result in a lifetime of physical and mental problems for the child [12] .
Introduction
The adverse effects of perinatal substance abuse are complex, including the potential for physical and neurological impairment of the developing fetus and neonate. Failure to establish successful mother-infant interactions can result in impaired infant development and stunted growth [1] [2] [3] . We conducted immunization schedule for older children, particularly as family size increases [14, 15] . As systematic immunization programs facilitate disease-prevention among populations at greatest risk of developing disease and consuming significant health care resources, parenting interventions targeting urban, low-income mothers that subsequently improve infant immunization rates would provide cost-effective benefits.
Moreover, programs such as the IMPEP which focus on ameliorating maternal-infant attachment through direct physical interaction and relationship-building between mother and child hold great promise for improving infant health outcomes. However, evaluation of such programs is lacking. We have previously reviewed [6] literature on the benefits to highrisk infants of Infant Massage (IM), as delivered by health care providers (primarily nurses). In this study, we hypothesized that infants of recovering SAMs who experience IM delivered by their mothers, who are specifically trained in IMPEP classes (behavioral-cognitive approach), will demonstrate better health outcomes (physical growth; motor, mental, and behavioral development), increased safety in the home environment and during infant care, and higher immunizations rates, as compared to the infants of mothers participating in PEP classes (cognitive approach) or exposed only to the standard level of parenting education typically provided in addiction treatment programs.
Methodology Study design
The study was designed as a randomized, controlled threearm experimental trial with repeated measures over time of infant health outcomes to compare the efficacy of two levels of classroom-based psycho-educational parenting interventions, either with (IMPEP) or without IM (PEP), versus a standard of care educational control in infants who were evaluated onsite at their mothers' outpatient drug treatment facilities [6] . Clusters of 3 to 6 recovering SAM-infant dyads were randomly assigned within each study site to one of the three study groups (IMPEP, PEP, Control) in a 1:1:1 ratio. Infant body measurements, developmental status, and home environmental safety were assessed at Week 1 (Baseline).
This was followed by a 4-week intervention period with SAMinfant dyads of the IMPEP and PEP groups taking once weekly classes on a consistent (but separate) day and time at Weeks 2, 3, 4 and 5. Both IMPEP and PEP interventions were taught by the same two certified nurse practitioners, incorporating demonstration and supervised practice of IM techniques (IMPEP only), child care training (e.g., infant CPR), interactive group discussions, and question-and-answer sessions on parenting practices [6] . SAM-infant dyads of the control group had no specific group-based parenting or IM intervention, receiving only the standard of care parenting education materials offered to all recovering SAMs (including IMPEP and PEP participants) at their respective addiction treatment programs. At Week 6, a post intervention evaluation was completed with the same physiologic and developmental assessments, which were repeated at Week 12. A previous methodological article describes the strategies used to maximize data integrity and minimize between-group contamination in the study [16] .
Setting and sample
The study was conducted from September 1, 2003 to August 31, 2008 in two community addiction treatment centers in Miami-Dade and Broward Counties (Florida, USA), which serve a predominantly low-income client-base and offer residential addiction treatment services in an outpatient setting.
Inclusion criteria required mothers to have an infant 12 months of age or younger, speak and comprehend English, Spanish, or Creole, independently perform activities of daily living, maintain attention and follow directions, and willingly provide informed consent in writing. Only the mother's youngest child was enrolled in the study and comprised the motherinfant dyad. All SAMs registered at these sites were eligible for study participation, regardless of drugs of abuse (including alcohol), age, race/ethnicity, marital status, religion, education, or income level, although participation was entirely voluntary. A convenience sample of SAMs willing to undergo screening was selected by posting notices at each treatment center with information about the study and dates for on-site screening sessions, as well as through the encouragement by treatment center staff for voluntary participation.
A total of 170 recovering SAMs were screened for the study, with 32 mothers making no further contact with the study team (lost to follow-up) after the initial screening information session. As illustrated in Figure 1 [6] , within-site randomization of consenting mothers was done in clusters of 3-6 mother-infant dyads (depending on the number of mothers who attended a given screening session) in a 1:1:1 ratio, yielding 62 IMPEP, 37 PEP, and 39 Control mother-infant pairs at Baseline. Of the initial 138 mother-infant dyads who consented and enrolled in the study, 17 dyads failed to complete the study by Week 12, resulting in an overall retention rate of 87.7% (IMPEP = 82.3%, PEP = 94.6%, Control = 89.7%) of infants with assessments at both Baseline and Week 12. Assuming an attrition rate of 25.0%, a Type I error of 0.05, and a medium effect size (0.25), a sample size of 52 per arm was originally predicted to provide 80.0% power to detect a within-subjects change of this magnitude following the IMPEP intervention [17] . However, the final sample of 121 infants at Week 12 did not meet this goal.
Measurements and instruments
An Infant Detecto Beam Weighing Scale with standardized measuring stick was used to measure the infant's weight in kilograms and length in centimeters. The Bayley Scales of Infant Development (BSID) [18, 19] was used to measure both physical and mental development. This is a standardized, norm-referenced instrument comprised of three sections: Mental Development Index; Psychomotor Development Index: and Behavior Rating Scale. The BSID has been increasingly used to evaluate infants and children from 1 to 42 months of age for both developmental delays and indicator of progress, with well characterized psychometric properties [19, 20] 
Data Analysis
Sample distribution of individual outcome variables was tested for normality using the Kolmogorov-Smirnov and Shapiro-Wilk tests, which indicated that none of the outcome variables met the assumption of normality. Therefore, nonparametric Kruskall-Wallis Analysis of Variance (ANOVA) with post-hoc Wilcoxon Rank Sum and Mann-Whitney U tests were used to compare ranked differences within and between treatment groups, respectively. All tests were conducted using the Statistical Package for Social Sciences Version 13.0, and results were considered significant at a two-sided significance level of p < 0.05. Increases in Type I error due to multiplicity of testing were partly controlled by the use of Repeated Measures ANOVA to evaluate several pre-determined hypotheses comparing potential differences among the treatment groups on the following outcomes: increases in weight, length, and head circumference, individual developmental scores on the BSID, level of safety in the home environment and safety in infant care, and immunization adherence. Home environmental safety was quantified as the percent adherence to home safety guidelines, i.e., the total number of instituted home safety practices divided by the total number of Checklist Part One items. Safety in infant care was quantified as the percent adherence to instituted infant care practices divided by the number of total number of Checklist Part Two items. Adherence to standardized immunization guidelines was quantified as the percent adherence for each subject, i.e., the total number of immunizations received to date divided by the total number of individual recommended ageappropriate immunizations at each time point.
Results
The results reported in this manuscript are limited to infant health outcomes. An extensive analysis of the maternal health outcomes resulting from this study have been published previously [6] .
Demographics
A detailed demographic description of the study sample has been reported previously [6] including both maternal and infant characteristics, based on the total number of mother-infant dyads enrolled in the study at Baseline (IMPEP = 62, PEP = 37, Control = 39). In brief, infants ranged in age from 1 to 16 weeks (mean ~4 weeks) at the time of enrollment and were ethnically diverse (white = 40.6%, black = 37.0%, Hispanic = 16.7%), with slightly more females (54.3%). Most infants had been carried to fullterm (89.7%), with the majority delivered via natural childbirth (59.5%).
Disposition
As reported previously in detail following the 4-week intervention period [6] , a minimal number of mother-infant dyads dropped out of the study, due to various factors that impacted the continued participation of the mothers, including relocation to another state, incarceration, and loss to followup. Overall drop-outs from Baseline to Week 12 were greater in number in the IMPEP (Baseline = 62, Week 6 = 59, Week 12 = 51) group compared to the PEP (Baseline = 37, Week 6 = 35, Week 12 = 35) and Control (Baseline = 39, Week 6 = 35, Week 12 = 35) groups.
Infant growth: length, weight, and head circumference
Consistent with the hypothesis that the IMPEP intervention will preferentially achieve greater growth among IMPEP infants than PEP infants, we evaluated whether the IMPEP group at Weeks 6 and 12 demonstrated greater increases in length, weight and head circumference, compared to the PEP and Control groups. Summary statistics of infant growth parameters among study groups across assessment periods are depicted in Table 1 , with results of the Kruskal-Wallis ANOVA for between and within group differences over time shown in Table 2 .
As expected, overall growth was observed chronologically in all study groups. IMPEP infants showed significant growth in length (adjusted z = 2.679, p = .007), weight (adjusted z = 5.352, p < .001), and head circumference (adjusted z = 7.307, p < .001) from Baseline to Week 6 and from Baseline to Week 12 (adjusted z = 4.386, p < .001; adjusted z = 5.167, p < .001; and adjusted z = 7.039, p < .001, respectively). Similarly, PEP infants showed significant growth in length and head circumference from Baseline to Week 6 (adjusted z = 2.155, p = .031; adjusted z = 2.978, p = .003, respectively) and in length, weight and head circumference from Baseline to Week 12 (adjusted z = 3.098, p = .002; adjusted z = 3.766, p < .001; and adjusted z = 4.465, p < .001, respectively). The Control group also showed increases in weight and head circumference from Baseline to Week 6 and in length and head circumference from Baseline to Week 12. However, these gains in length, weight, and head circumference were generally less than those achieved by the IMPEP infants.
As an extension of the between-group Kruskal-Wallis ANOVA results shown in Table 2 , post-hoc Mann-Whitney U tests indicated that IMPEP infants demonstrated significantly greater growth in weight (adjusted z = 3.471, p = .001) and head circumference (adjusted z = 4.456, p < .001) than PEP infants at the Week 6 post-intervention assessment. In addition, IMPEP infants showed significantly greater increases in head circumference (adjusted z = 2.271, p = .023) than PEP infants at Week 12. Therefore, the data lend support to the hypothesis that infants of IMPEP SAMs preferentially demonstrate greater growth than infants of PEP SAMs, as reflected in length, weight, and head circumference measures at 6 and 12 weeks post-Baseline, while as expected,
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overall growth was observed chronologically in all study groups.
Infant development: Bayley scales of infant development
Consistent with the hypothesis that IMPEP infants will display more advanced development than PEP infants, as reflected in overall motor, mental, and behavioral ratings on the Bayley Scales of Infant Development (BSID) at 6 and 12 weeks postBaseline, we evaluated whether the IMPEP group demonstrated greater gains compared to the PEP and Control groups at these time points. Summary statistics of BSID domain scores among study groups across assessment periods are depicted in Table 1 , with the results of the Kruskal-Wallis ANOVA for between and within group differences over time shown in Table 2 .
Within-group analyses showed significant improvements 
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Copyright: © 2016 Porter et al. for IMPEP infants in motor development (adjusted z = 3.287, p = .001), mental development (adjusted z = 5.875, p < .001), and behavioral rating (adjusted z = 6.631, p < .001) from Baseline to Week 6 and in motor development (adjusted z = 6.111, p < .001), mental development (adjusted z = 3.549, p < .001), and behavioral rating (adjusted z = 3.110, p = .002) from Baseline to Week 12. PEP infants showed significant improvements in behavior rating from Baseline to Week 6 and both motor development and behavioral rating from Baseline to Week 12.
Between-group analyses demonstrated significant differences for motor development at Week 12 and behavioral rating at Week 6. In particular, post-hoc Mann-Whitney U tests showed that these significant between-group differences were largely due to IMPEP infants demonstrating greater motor development than Control infants at Week 12 and greater behavioral ratings at Week 6. However, the differences between IMPEP and PEP infants did not reach significance for any of the BSID variables at Week 6 or 12, with PEP infants noted to have significantly greater mental development than IMPEP infants at Baseline (adjusted z = 2.140, p = .032). Thus, based on these findings, the data did not support the hypothesis that the IMPEP intervention leads to greater advances in infant development compared to the PEP intervention alone, although IMPEP infants showed higher development scores than infants of mothers in the Control group exposed to standard of care parenting education.
Home environmental safety and infant care safety
To assess whether IMPEP infants will achieve greater child safety status than PEP infants, as reflected in greater home environmental safety scores on their mothers' self-report on the Home Environment Safety Checklist (i.e., home safety, infant care safety) at 6 and 12 weeks post-Baseline, we evaluated whether IMPEP infants had higher scores on this instrument. Summary descriptive statistics for this instrument among the study groups across assessment periods are depicted in Table 1 , with results of the Kruskal-Wallis ANOVA for between and within group differences over time shown in Table 2 .
Although there was some evidence that mothers in the IMPEP group increased their adherence to home environmental safety practices over time, significant differences were not observed among study groups in this domain of the Home Environment Safety Checklist. In contrast, significant differences were seen among groups in the level of safety in infant care among study groups at both Baseline and Week 6. In particular, post-hoc Mann-Whitney U tests demonstrated that IMPEP SAMs showed greater adherence to home environmental safety and safety in infant care than Control SAMs at Week 6 (adjusted z = 2.698, p = .007), although this pattern was also seen at Baseline (adjusted z = 2.681, p = .007). Thus, the results did not support the hypothesis that the IMPEP intervention leads to greater child safety status than the PEP intervention alone, although improvements over standard parenting education (Control arm) were noted.
Immunization status
To assess whether IMPEP infants will display better immunization status than PEP infants, adherence to American Pediatric Association childhood immunization guidelines was evaluated among study groups at 6 and 12 weeks post-Baseline. Over the course of this 12-week study, all infants were up-todate in their immunization status, achieving 100% adherence to standard pediatric immunization guidelines across all groups. Thus, no group differences were observed, and the results did not support the hypothesis that IMPEP infants will preferentially demonstrate better immunization status than PEP infants.
Discussion
Child development theorists assert that the most important task of an infant's life is to establish a sense of basic trust and security in others, which typically becomes well established by one year of age and forms the foundation of trust and security for a child's future [10, 21, 22] . Establishing security in a primary caregiver is the most important task of an infant's life, affecting its actions, reactions, and future interpersonal relationship. The impact of low-cost, early intervention, such as the IMPEP, is high with respect to parent-child health promotion and holds great potential for expanding the knowledge base of family preservation and health enhancement among high-risk populations. Being held, caressed, and cuddled contribute to a loving and attentive environment during this critical period, which has a direct and measurable impact on infant growth and development [18, [23] [24] [25] [26] . Massage facilitates bonding between the parent and the infant, fostering the development of warm, positive relationships [27] [28] [29] . Touching, hugging, holding, kissing, rocking, massaging, making eye contact, talking, and singing to infants are activities many parents regularly perform [27, 28] ; however, recovering SAMs may not be exposed to adequate parenting models that demonstrate such behaviors. A systematic parenting enhancement program for SAMs that incorporates infant massage techniques, such as the IMPEP, addresses this important parenting need, with potential benefits for both mother and child [25] [26] [27] [28] . Nurse educators, nurses, nurse practitioners, public health professionals, and substance abuse service providers may use positive data generated from this study to design client tailored parenting programs, which blends IM as a both a health promotion and a therapeutic intervention.
Home Environment Safety
The use of mothers as therapists to deliver IM was shown to be effective in two studies [30, 31] , and the findings of the current study further contribute to the database. Mothers typically learn different ways to stimulate their infants during home care to promote infant growth and development. The valueadded benefits of IM as integrated into a systematically planned parenting enhancement program were demonstrated on infant growth by the use of the IMPEP intervention, thus supporting the benefits of structured, psycho-educational parenting programs on the infants of recovering SAMs in outpatient residential treatment settings.
Of note, this study failed to support the hypotheses that IM would preferentially enhance infant development (motor, mental, or behavioral components), home environmental safety, safety in infant care, or infant immunization rates beyond a structured parenting enhancement program alone. This may have been because the duration of the study period with reportable results (12 weeks post-Baseline) was too short to detect differences in these dimensions of infant development or in long-term safety practices, such as infant immunization. In addition, the SAMinfant dyads enrolled in this study were housed during the entire study period in an addiction rehabilitation facility designed to accommodate both mothers and their children. As the intention of this study was not to alter the standard health maintenance practices of these treatment programs, such controlled residential setting may have contributed to a heightened attentiveness to environmental safety practices (e.g., electrical outlet covers, secure non-skid floor coverings, accessible fire extinguishers, emergency telephone numbers), as well as the close monitoring of immunization practices. In turn, these infant-related outcomes may have been influenced more by institutional policy and facility maintenance practices of the rehabilitation centers than by maternal attributes.
Despite the value-added benefits of the IMPEP being limited to physical growth outcomes in this study, these results in infants, coupled with our previously reported positive findings on maternal health outcomes [6] , reinforce the understanding that developing and practicing skills in infant massage can facilitate recovering drug-addicted mothers to give and receive nurturing, with positive health impacts for both mother and child. This phenomenon has been observed in premature infants and infants born into withdrawal syndromes due to maternal substance abuse during pregnancy, when massaged by healthcare staff [15, 25, 26] . However, this study is the first to provide direct evidence of this same phenomenon being observed when drug-addicted mothers themselves are taught IM techniques by certified nurse practitioners through personalized training in small group settings with their own infants [6] . Although the absence of multivariate analysis in this study suggests correlational, rather than causal, associations, these findings nonetheless reinforce the assertion that the IMPEP intervention may provide both physical and emotional benefits to infants and the person providing the massage [32, 33] . Thus, IM incorporated into basic parenting activities, such as proper infant feeding and sleeping practices and safety measures, holds strong promise for improved parenting effectiveness in high-risk populations.
Conclusion
The need for low-cost, effective parenting interventions for drug-addicted women that build upon the natural components of early mother-infant interactions are critical. Meeting the challenge of promoting healthy development of at-risk infants by enhancing the parenting effectiveness of their mothers, the positive impact of this study on infant growth rates builds a strong foundation for future development. Although as previously reported for this study [6] , improvements in maternal attachment and mother-infant interaction could not be attributed to the IMPEP intervention; future research may contribute to a theory of change for the observed treatment benefits on infant growth, particularly with regard to the quality of the care giving relationship as a mediating variable. In addition, the IMPEP intervention should be tested across cultural boundaries, as has been done for the original PEP intervention [5, 6, 32] , to establish the generalizability of these findings within the global community.
A major limitation of this study was the post-randomization attrition of mother-infant dyads, which is a recognized challenge in working with this difficult to access research population. In addition to limiting the final sample size and, therefore, statistical power, subject attrition restricted the observation period to 12 weeks, instead of the originally planned 48-week duration, given the imbalance in drop-out rates after Week 12 that precluded comparative analyses at later time points. Moreover, although the number of drop-outs between Baseline and Week 6 was limited (2-4 per group), drop-outs between Week 6 and Week 12 occurred only in the IMPEP group, which is a potential threat to the validity of our findings. Statistical comparisons at Baseline between SAM-infant pairs who dropped-out versus completed the study up to Week 12 were limited by the nonparametric distribution of outcome variables in this study. Thus, future longitudinal studies with larger sample sizes may address concerns with attrition, although such studies are operationally challenging in the high-risk SAM population.
